Formation of Reactive Oxygen Species in Various Vascular Cells During Glyceryltrinitrate Metabolism.
BACKGROUND: Anti-ischemic therapy with organic nitrates as nitric oxide (NO) donors is complicated by the induction of tolerance. When nitrates are metabolized to release NO, there is a considerable coproduction of reactive oxygen species (superoxide radical and peroxynitrite) in vessels leading to inactivation of NO, to diminished cyclic quanosine monophosphate production in smooth muscle cells (SMC), to impaired vasomotor responses to the endothelium-derived relaxation factor (EDRF), and to formation of nitrotyrosine as a marker of glyceryltrinitrate (GTN)-induced formation of peroxynitrite. The aim of the study was to analyze in vitro the formation of superoxide radicals and of peroxynitrite in GTN-treated endothelial and smooth muscle cells and in washed ex vivo platelets using electron spin resonance and spin-trapping techniques. METHODS AND RESULTS: Using 5,5-dimethyl-1-pyrroline-N-oxide (DMPO) as a spin trap, it was shown that in platelets, smooth muscle, and endothelial cells incubated acutely for 15 minutes with 0.5 mM GTN, the rate of generation of reactive oxygen species (ROS) was twice as high as under control conditions. Using the new spin-trap 2H-imidazole-1-oxide (TMIO), a GTN-induced peroxynitrite formation was detected in SMC and in platelets incubated with 0.5 mM GTN for 15 minutes. Spin-trap 1-hydroxy-3-carboxy-pyrrolidine (CP-H) was used to estimate the rate of ROS formation in platelets incubated for 15 minutes with 0.5 mM GTN; the rate amounted to 14.6 +/- 1.1 nM/min/mg protein compared with 4.0 +/- 0.4 nM/min/mg protein in controls. The rate of ROS formation in SMCs was substantially increased (240 +/- 16%) after initiation of GTN tolerance by treatment of the cells in culture with 100 µM GTN for 24 hours. CONCLUSIONS: GTN increases the formation of superoxide radicals in endothelial cells, SMCs, and platelets. Peroxynitrite is formed during GTN metabolism in vascular cells and may contribute to the development of tolerance. A decrease in the nitrate-induced inhibition of platelet aggregation during GTN tolerance is associated with oxidative actions of ROS formed in platelets during GTN metabolism.